INTRODUCTION
============

Congenital nasolacrimal duct obstruction (NLDO) is most commonly due to obstruction at the level of Hasner membrane and becomes symptomatic in 5-6% of infants.[@b1-JOVR-07-310],[@b2-JOVR-07-310] Although 90% of such obstructions resolve spontaneously before the age of one year, continuous presence of an abundant tear meniscus and mucopurulent discharge over the cornea during the most critical period of visual maturation may be a potential cause of amblyopia, yet some authors do not endorse this assumption.[@b3-JOVR-07-310],[@b4-JOVR-07-310]

The importance of anisometropia as a cause of amblyopia has been well recognized.[@b5-JOVR-07-310]-[@b10-JOVR-07-310] Development of stereoacuity is related to similarity in the refractive state of the fellow eyes, furthermore fine motor skills which require speed and precision of movements, are defective in amblyopic children.[@b11-JOVR-07-310],[@b12-JOVR-07-310]

Some retrospective reports have confirmed a higher prevalence of anisometropia and amblyopia in patients with congenital NLDO.[@b3-JOVR-07-310],[@b13-JOVR-07-310]-[@b15-JOVR-07-310] In the current study, we prospectively evaluated the correlation between congenital NLDO and anisometropia.

METHODS
=======

The current study includes all children with unilateral congenital NLDO who were referred to our center from May 2007 to January 2010 and scheduled for intervention. The study was approved by the Scientific and Ethics Committee of the Ophthalmic Research Center and written informed consent was obtained from all guardians prior to enrollment.

Inclusion criteria were onset of epiphora and/or discharge from birth which did not respond to lacrimal sac massage until one year of age when the epiphora was clear, and up to the age of 6 months when there was mucopurulent discharge. Other inclusion criteria were unilateral involvement from the beginning and no history of surgery. We did not limit patient age when the disease had been confirmed to have started from birth. Exclusion criteria consisted of any other extra- or intraocular abnormalities which may affect refractive state such as blepharoptosis, strabismus, microphthalmia and cataract.

Cyclopentolate 1% drops were instilled twice in each eye, 5 minutes apart and 30 minutes before the patient underwent examination under anesthesia (EUA). Due to the presence of epiphora and/or discharge, it was not possible to mask the examiner.

EUA started with intraocular pressure measurement followed by cycloplegic refraction and finally anterior and posterior segments examinations. Afterwards, surgical intervention was performed which included nasolacrimal duct probing as the initial procedure; repeat probing with inferior turbinate fracture, silicone intubation and dacryocystorhinostomy were employed sequentially in unresponsive cases. In cases requiring more than one procedure, findings at the time of initial surgery were considered for the purpose of the study.

Statistical analyses were performed using SPSS software (version 17.0, SPSS Co., Chicago, IL, USA) and data were evaluated utilizing Chi-Square, paired t, regression analysis, McNemar and Spearman's correlation tests when appropriate.

RESULTS
=======

Ninety-four patients with mean age of 25.4±20.4 months (range, 6 months to 10 years) were enrolled in the study. The left eye was involved in 51 (54.3%) patients and 54 subjects (57.5%) were female.

Based on spherical equivalent refractive error, hyperopia was more common in affected eyes while myopia was more prevalent in non-affected fellow eyes (P=0.5, McNemar test, [Fig. 1](#f1-JOVR-07-310){ref-type="fig"}).

Affected eyes and non-affected fellow eyes were significantly different in terms of spherical refractive error (P=0.003, paired t-test) and spherical equivalent (P=0.003, paired t-test), but not cylindrical refractive error (P=0.2), as shown in [Table 1](#t1-JOVR-07-310){ref-type="table"}.

After classifying affected eyes as hyperopic, myopic and emmetropic, the interocular difference was significant in terms of spherical refractive error (P\<0.001, Paired t-test) and spherical equivalent (P\<0.001, Paired t-test) in hyperopic eyes, however this was not the case in myopic or emmetropic eyes (all P values\>0.1).

Each month of increase in age was associated with a significant increase of 0.007D in interocular difference in spherical refractive error (r=0.242, regression analysis, P=0.02, [Fig. 2](#f2-JOVR-07-310){ref-type="fig"}). The age-dependent variation was not significant for cylindrical refractive error (r=-0.110, P=0.3,) and spherical equivalent (r=0.154, P=0.1).

After stratifying the patients into two age groups, the interocular difference in spherical equivalent was more significant in subjects older than 4 years as compared to those less than 4 years of age (P=0.02 and P=0.03 respectively, paired t-test, [Fig. 3](#f3-JOVR-07-310){ref-type="fig"}).

Spherical equivalent anisometropia was greater than 0.5D in 25% of cases and exceeded 1D in 12% ([Fig. 4](#f4-JOVR-07-310){ref-type="fig"}). Cylindrical anisometropia more than 0.5D was present in 8.5% and that exceeding 1D was observed in only 2.3% of subjects.

In our stepwise approach, success rate for first-time surgery was 78% and reached 93% and 99% after the second and third procedures, respectively; only one case required 4 operations.

Increasing patient age was significantly associated with a larger number of interventions (r=0.297, P=0.004, Spearman correlation, [Fig. 5](#f5-JOVR-07-310){ref-type="fig"}). Patients referred before the age of 2 years required a mean of 1.2±0.5 procedures while those referred after 2 years of age needed 1.6±0.8 operations for relief of symptoms (P=0.006, regression analysis).

DISCUSSION
==========

Congenital NLDO is a common childhood disorder which usually improves spontaneously during the first year of life; however its effect on refractive status and any correlation with amblyopia have been controversial.[@b3-JOVR-07-310],[@b4-JOVR-07-310],[@b13-JOVR-07-310]-[@b15-JOVR-07-310]

Chalmers and Griffiths studied 130 children with unilateral congenital NLDO and compared fellow eyes from a refractive standpoint; all subjects were hyperopic in the affected eye and five suffered from amblyopia.[@b13-JOVR-07-310] In another study by Lacey et al, 50 patients who had undergone probing 15 years earlier[@b22-JOVR-07-310] were recalled and compared with a sex- and age-matched group. Affected subjects were reported to have a higher rate of amblyopia in the eye with history of congenital NLDO.[@b3-JOVR-07-310] More recently and in retrospective case reports, Simon et al[@b14-JOVR-07-310] showed anisometropic amblyopia in 5 subjects with unilateral congenital NLDO and Matta et al[@b15-JOVR-07-310] reported that children with congenital NLDO seem to be at higher risk of amblyopia. Both studies did not report any anisometropic patient with NLDO in the better eye.[@b14-JOVR-07-310],[@b15-JOVR-07-310]

It is well established that anisometropia is an important amblyogenic factor.[@b8-JOVR-07-310]-[@b10-JOVR-07-310] This may be more significant when the interocular difference exceeds one diopter.[@b16-JOVR-07-310]-[@b18-JOVR-07-310] Due to individual physiologic differences, one cannot define an exact cutoff value for anisometropia, hence amblyopia may even be seen with milder degrees of anisometropia.[@b5-JOVR-07-310],[@b6-JOVR-07-310],[@b9-JOVR-07-310],[@b19-JOVR-07-310] In contrast to strabismic and deprivational amblyopia, anisometropic amblyopia is more frequently asymptomatic and diagnosed at an older age such that only 15% of affected subjects are diagnosed before the age of 5 years.[@b20-JOVR-07-310] Anisometropia may also disturb binocularity as reflected by lower levels of stereoacuity.[@b11-JOVR-07-310],[@b21-JOVR-07-310] Accordingly, treatment is more difficult and time consuming.[@b17-JOVR-07-310] Studies on anisometropic amblyopia have shown that the most important factors in predicting the response to treatment are age and depth of amblyopia which are strictly related to the severity of anisometropia.[@b10-JOVR-07-310],[@b22-JOVR-07-310]-[@b25-JOVR-07-310] One study demonstrated that in anisometropic subjects, amblyopia is less severe before 3 years of age and improvement is more probable.[@b17-JOVR-07-310]

Our study demonstrated that increasing age in patients with unilateral congenital NLDO was associated with a higher prevalence and severity of anisometropia. We also observed that differences between affected and sound eyes were significant in terms of spherical refractive error and spherical equivalent, and that hyperopia was more common in affected eyes; these factors may predispose patients with congenital NLDO to hyperopic anisometropia. The current series also showed that in patients aged 4 years or older, interocular difference between spherical refractive error and spherical equivalent was more significant as compared to subjects younger than 4 years. The importance of this finding is that amblyopia therapy is much more difficult in older children.[@b22-JOVR-07-310]-[@b24-JOVR-07-310]

The above mentioned findings show that when unilateral congenital NLDO becomes persistent, the probability and severity of hyperopia increases, predisposing the affected eye to a higher chance of amblyopia.[@b26-JOVR-07-310]-[@b28-JOVR-07-310]

As previously mentioned, the depth of amblyopia is related to the severity of anisometropia, especially in hyperopic patients in whom a less favorable response to treatment is seen as compared to myopic patients.[@b26-JOVR-07-310]-[@b28-JOVR-07-310]

We observed that when treatment is initiated at an older age, significantly more interventions are necessary to relieve the NLDO. We may thus conclude that older subjects, who are at higher risk of amblyopia, are also prone to reduced success; this may lead to a vicious cycle implying another benefit for early intervention.

It has been reported that even after improvement of lacrimal obstruction, anisometropic hyperopia is more common in patients with a history of unilateral congenital NLDO14 and therefore refraction should be rechecked at regular intervals even after anatomical and physiological improvement.

One limitation of the current study was that we had no access to refractive status of our study population at an earlier age and therefore could not prove that the anisometropia was actually the result of NLDO. Another weakness of our study was that we could not mask the examiner performing the refractions and that due to the cross-sectional nature of the study, we could not determine whether anisometropia persists at an older age or whether it actually leads to amblyopia. Atilla et al have demonstrated emmetropization in anisometropic patients despite persisting anisometropia.[@b29-JOVR-07-310] It is unclear from our study that if NLDO is relieved, these patients will have the chance to achieve emmetropia and whether anisometropia decreases or not.

In conclusion, unilateral congenital NLDO may be a risk factor for aniso-hypermetropia and treatment should probably not be delayed. Future studies are warranted to elucidate whether treatment in unilateral congenital NLDO is more important and should be initiated earlier than bilateral cases.
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###### 

Difference between affected and non-affected fellow eyes in mean values of refractive indices

                 Mean value(affected eye)   Mean value(fellow eye)   Difference   95% CI   P-value   
  -------------- -------------------------- ------------------------ ------------ -------- --------- -------
  Sphere (D)     1.29±0.97                  1.10±0.73                0.20±0.6     0.07     0.33      0.003
  Cylinder(D)    -0.81±.92                  -0.71±0.81               -0.11±0.8    -0.27    0.063     0.2
  Axis(degree)   101±85.8                   92±87.2                  9±63         -3.9     21.9      0.2
  SE (D)         1.13±0.86                  0.91±0.62                0.22±0.67    0.07     0.35      0.003

D, diopter; CI, confidence interval; SE, spherical equivalent
